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ABSTRACT

Tracking a moving object over time is a challenging task. In this paper object to be tracked is manually
selected by the user in one video frame and it is tracked in all subsequent frames of the given input video
sequence. The work is carried out in two steps. First the object is detected using 64bin colour histogram
matching and the object positions in all the video frames is determined to obtain a temporal sequence of
coordinates. Next the object is tracked by calculating Euclidean distance between tracked objects and
manually selected reference object. The proposed method is compared with KLT tracker which is a kernel
based tracking method and it is found that 64 bin colour histogram matching method can be used to track
objects effectively. The results show that the colour histogram features are very efficient in tracking
objects, in small and medium length video sequences.
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1. INTRODUCTION user interactions to separate the interested

object(s) from background [1]. In the proposed

Manual detection and tracking of object(s) is a work the user manually selects the object to be

tedious and time consuming task. The object tracked and that object is automatically tracked in

detection process affects the subsequent object the subsequent frames and thus making the
tracking [1] and so accurate detection of object in approach semi-automatic.

all the video frames is an important criterion for

efficient tracking of the object in a video. Semi- Object Tracking

automatic and automatic object detection and Tracking of a moving object over time is a
tracking techniques have been proposed by challenging issue in video processing. Tracking
researchers in the literature. These detection and involves detecting the position of an object in
tracking techniques are based on maintaining a each image (i.e., video frame) to determine the
model, which is related to the spatial relationship temporal sequence of coordinates [4]. Simply by
between the various features such as color, shape, concatenating the positions of the given object in
texture, contours and motion etc. [2][3]. In this each frame the object can be tracked. The points
work color features are used to detect and track in a coordinate system that are travelled by an
moving object in small and medium video object in a time scale are considered as the
sequences. trajectory of this moving object. The states of the

objects are stored in states vector, where n

Object Detection dimensional state vector where each dimension

Video segmentation methods can be classified gives the value of parameters such as position,
as spatial and temporal segmentation methods. In velocity, acceleration, size, shape, color, texture at
this work semi-automatic image segmentation an instant [4]. The proposed method use color
using spatial approach is carried out. Here the histograms to track moving object(s). The
given video sequence is converted to frames and approache is based on the color probability
64 bin color histogram is used to segment the distribution or color-clustering often with
object to be tracked in the remaining frames. dynamical changes of color probability
Semi-automatic image segmentation involves end- distribution (CPD). Intensity histogram is one of
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the simplest approaches for representing object
appearance and it is used in tracking algorithms. A
number of works based on histogram tracking
could be seen in literature. Integral images and
integral histogram has been used in the works of
[1] and [2], for detecting and tracking rectangular
shaped objects. Elliptical or circular kernels are
employed for defining regions around the target
from which weighted histograms are computed.
This is done to deal with shape variations when
histograms are used in object tracking in [3] and
[4]. In [5] differential algorithms are designed to
iteratively converge to the target object. Yet
another approach to track irregular shaped object
is to enclose the object in a rectangular area
bounding the object and to compute histogram
from the bounded region [6]. In this work in order
to track colored object(s) in the given video
sequence, the color image data has to be
represented as a probability distribution [1]. This
kind of object detection and tracking process has
lower computation cost than the approaches based
on graph-cut or active contour models as well. In
this paper, 64 bin histogram matching algorithm is
used for detecting as well as tracking in a video.
The work is done in two steps (i) Detecting and
(ii)) Tracking. The video is first converted to
frames and the first frame is assigned to be the
reference frame. The user selects the desired
region in the reference frame and that region
becomes reference object and it is tracked in
succeeding frames using histogram matching
technique and without user interruption. The
tracked object in the next frame then becomes the
new reference frame and the process is repeated
until the object is tracked in all the frames of the
video. Thus the target region frame dynamically
changes without user intervention.Histogram
based tracking is useful in cases where there is no
much shape variation such as face tracking. In this
work the object to be tracked is bounded inside a
rectangle and 64 color histogram features are
extracted from that region. Histogram matching
using Euclidean distance is carried out to track the
object of interest in subsequent video frames. Also
a comparison of the proposed work is made with
another semi-automatic tracker namely KLT
tracker. KLT tracker is a simple and efficient
point tracker. The point tracker tracks a set of
points using the Kanade-Lucas-Tomasi (KLT),
feature-tracking algorithm. The tracker is based on
the early work of Lucas and Kanade [5], was
developed fully by Tomasi and Kanade [6]. The
minimum Eigen value of 2X2 gradient matrix is
analysed by KLT to obtain good features. Then
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‘Newton Raphson method” is used to track the
features by minimizing the difference between the
windows.  This paper is organized as follows.
Literature review is done in section II. Section III
gives the methodology of the proposed work, the
results and discussion are given in Section IV and
Section V concludes the paper.

2. LITERATURE REVIEW

Variants of the background subtraction (BS)
methods used in detecting objects in video
sequences are covered in detail in the survey
paper [7]. Background subtraction methods are
based on wusing a single reference image
corresponding to an empty scene as the
background model [8]. This is a simple technique
and is not suitable for complex surveillance
systems. Mean-shift segmentation is a non-
parametric technique which analyses complex
multi-modal feature space and helps in
identification of feature clusters [9]. The MS
algorithm is initialized with a large number of
randomly chosen centres of the given video frame.
The new cluster centroids are estimated
iteratively. The algorithm builds up a mean shift
vector, which is defined by the old and the new
cluster centres computed iteratively until the
cluster centres do not change their positions [10].
CAM Shift (CMS) tracking is the variation of MS
tracking method. While the latter operates on
colour probability distributions (CPDs), and
former is a varied form of MS to deal with
dynamical changes of CPDs [11] [12]. An optical
flow (OF) method tracks a region defined by a
primitive shape, whose translation is computed
using a differential method. The principle used in
OF method is that the brightness is continuous for
most of the points in the image in subsequent
frames and neighbouring points also have
approximately the same brightness [7]. KLT
tracker’s by computing the object translation
between frames using differential method.
Propagated unreliable points are discarded and
replaced with new points, and the output of
algorithm is a set of these reliable points [5].
Intensity histogram is one of the simplest
approaches for representing object appearance and
it is used in tracking algorithms. A number of
works based on histogram tracking could be seen
in literature. Integral images and integral
histogram has been used in the works of [13] and
[14], for detecting and tracking rectangular shaped
objects. Elliptical or circular kernels are employed
for defining regions around the target from which
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weighted histograms are computed. This is done
to deal with shape variations when histograms are
used in object tracking in [14] and [15]. For
tracking irregular shaped object the object is
enclosed in a rectangular area bounding the object
and then histogram is computed from the bounded
region in [16]. Histogram based tracking is useful
in cases where there is no much shape variation
such as face tracking. In this work the object to be
tracked is bounded inside a rectangle and 64
colour histogram features are extracted from that
region. Histogram matching using Euclidean
distance is carried out to track the object of
interest in subsequent video frames. Usage of
active contour models (ACMs) in video object
segmentation and tracking is found in [17], where
a snake model’s control points are taken as global
descriptors describing the global shape of object
of interest. Review and Evaluation of various
methods for moving Object Detection and
Tracking is done in [18].

3. METHODOLOGY AND RESULTS

The proposed work is carried out using sample
video sequences from PETS 2001 database. The
work is done in two stages (i) Detection and (ii)
Tracking. The overall block diagram is shown in
Fig. 1

Tracking the Object
of interest in all the
frames of the Viden

v

Inpainting the Tracked
Object in all the frames
of the Video

>

Input Video

A

Inpainted Video

Fig. 1 Overall Block diagram of the proposed work
The overall block diagram is shown in Fig. 1.

The proposed detection and tracking algorithm is
given in the following steps:

1. Input video is converted to frames and it

is shown in Fig. 3a.
The first frame is chosen as the reference
frame where the object to be tracked is
manually selected as a rectangle as shown in
Fig. 3b. This is taken as the reference block
R,.64 bin colour histogram features are
extracted from the manually selected
rectangular block R,

Input Viden
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Video to Frame conversion
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Find the coloi histogram feavures of the target reglon

Inpur next frame and divlde the region around the

targel as vrerlapping blucks

]

Using color histogram Teatures obtain the best

matching block and I Is the wracked object

h

The tracked object location is saved

|

The tracked objert block now becomes the new 1arget

Tes

( Tracking completed in all frames )

Fig. 2 Block diagram of the proposed Tracking
Algorithm

2.The neighbouring region around R, is divided
into overlapping blocks in the next frame and
the block size is chosen to be that of size of R,
are compared with the histogram of Rj.
Euclidean distance [13] is used to find the
minimum distance block and that block which
has the minimum distance is chosen as the new
reference block R, in that frame and it
represents the tracked object.

3.Steps 4 and 5 are repeated until all the frames
are tracked.

The block diagram for proposed detection and
tracking algorithm is given in Fig. 2
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4. RESULTS AND DISCUSSION

To evaluate the performance of proposed work,
the experiments, were performed on videos taken
from CAVIAR, BoBoT and PETS2001. In this
work a comparison is made between the proposed
color histogram based tracker with the Kanade-
Lucas-Tomasi Feature tracker [15]. Fig. 3 and
Fig. 4 show the tracking results using the
proposed histogram matching technique KLT
tracker where a man is tracked. Both the
algorithms were able to track the man in all the
frames. Fig. 5 and Fig. 6 shows another video
where the object to be tracked is crossed by
similar and nearby objects. Here the histogram
based algorithm performs well when compared to
the KLT algorithm. This is because the KLT is a
point tracker and used for short-term tracking.
Due to lighting variation and out of plane rotation,
points can be lost as tracking proceeds. Points
have to be re-estimated periodically to track an
object over a long period of time.

Fig. 3 (a). Original frame, (b) manually
selected object (man) to be tracked, (c), (d), (e)
Object tracked in subsequent frames using KLT
algorithm

Fig. 4 (a). Original frame, (b) Manually
selected object (man) to be tracked, (c), (d), (e)
Object tracked in subsequent frames using
proposed histogram matching

Fig. 5 (a). Original frame, (b) Manually
selected object (man) to be tracked, (c), (d), (e)
Object tracked in subsequent frames using KLT
algorithm.

Referance block Fs

a b 4
2 e

d e F

Fig. 6 (a). Original frame, (b) Manually selected
object (man) to be tracked, (c), (d), (e) Object
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tracked in subsequent frames using proposed
histogram matching

KLT works well only while tracking objects that
do not change shape and for those that exhibit
visual texture. But since our algorithm is based on
color features even though the object to be tracked
is crossed by similar objects and other objects are
present nearby, it is able to track the objects
accurately

Redoreace biock R, /Magk

Fig. 7 (a). original frame, (b) manually selected
object (ball) to be tracked, (c) object tracked in
subsequent frame using KLT algorithm (d), (e)
object not tracked in succeeding frames using
KLT algorithm.

Fig. 8 (a). Original frame, (b) Manually selected
object (ball) to be tracked, (c), (d), (e) Object
tracked in subsequent frames using proposed
histogram matching

But the KLT tracker failed in tracking the ball.
This is because as the point tracker algorithm
progresses over time, points can be lost due to
articulated motion. Hence it becomes difficult to
reacquire the points periodically and thus KLT
was not successful in tracking the ball.
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Performance Evaluation

The efficiency of the tracking algorithm is
evaluated using the metric False Detection Rate as
it provides a measure which characterizes the
reliability of tracking.A qualitative comparison is
made between proposed method and the KLT
tracker. For these two methods, three experiments
are conducted to evaluate the performance of the
proposed method. The tracking performance
scores are listed in Table 1, where miss denotes
the number of frames tracked incorrectly and total
represents the total frames in an image sequence

Table 1 Performance Analysis Of Two Trackers

Tracker Waking Man Tennis
man crossing Sequenc
Miss/ Miss/ e
total total Miss/
total
KLT 21/121 35/164 25/35
tracker
Proposed 13/121 17/164 06/35
tracker

For the walking man video taken from CAVIAR
database, 121 sample frames are taken for
experiment, in which it was found that number of
wrongly tracked objects using KLT tracker is
more than that of the proposed tracker. In another
video taken from BoBoT database, the KLT
tracker’s false detection rate is more than our
proposed tracker, because KLT tracker detects
perfectly only if the shape is fixed and it should
not be occluded by other objects. In the tennis
sequences, taken from PETS 2001 database FDR
of the KLT tracker is more than that of the
proposed tracker due to articulated rotation. The
graph in Fig. 9 shows the comparison of KLT
tracker and the proposed histogram based tracker
with respect to False Detection Rate (FDR). It
could be seen that the proposed algorithm gives
better performance for all the three video taken up
for the study.
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Fig. 9. Comparative Analysis Of Proposed Method
With KLT Tracker Method

5. CONCLUSION

This paper deals with automatic tracking of
object in short and medium colour video
sequences. First the reference frame is taken and
the object which is to be tracked is selected
manually. 64-bin colour histogram features are
obtained from this reference object. For detection
and tracking of the chosen object in subsequent
frames colour histograms features are extracted
from each neighbouring overlapping blocks in the
subsequent frame and the histogram of these
overlapping blocks are compared with the
histogram of the reference object and Euclidean
distance matching is used to detect the object and
the spatial coordinates are saved. The process
continues for all the frames and by concatenating
the spatial coordinates of the object in all the
frames the object is tracked in the video. The
proposed work is tested with CAVIAR, BoBoT
and PETS 2001 database and it works well on
videos with both simple and complex
backgrounds. However, when the background is
quite complex and the video is too long the
proposed algorithm fails to track the object
accurately in some frames. Also a comparison
was made with the KL T tracker algorithm and the
color histogram based tracker performs very well

with high detection rate. Further, the obtained
results can be improved in order to reduce
false negatives and positives with good
temporal coherence.
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